in nature ( 13 , 14 ) . Recently, a multidimensional prognostic index (MPI) for 1-year mortality derived from a standardized comprehensive geriatric assessment (CGA) was developed and validated in two independent cohorts of elderly patients hospitalized for acute disease or relapse of a chronic disease ( 15 ) . In both cohorts, a close agreement was found between the estimated and the observed mortality after both 6 months and 1 year of follow-up.
The aim of the present study was to evaluate the prognostic accuracy of an MPI derived from a standardized CGA on evaluating short-(30-day) and long-term (1-year) mortality rates, in elderly patients hospitalized for CAP.
Methods

Participants
In this prospective study with a 1-year follow-up, patients aged 65 years and older admitted from January 2004 to December 2006 to the Geriatric Unit of the Casa Sollievo della Sofferenza Hospital, Scientifi c Institute for Research and Health Care (IRCCS), San Giovanni Rotondo, Italy, were screened for eligibility. Inclusion criteria were (a) age ≥ 65 years, (b) diagnosis of CAP, (c) ability to provide an informed consent or availability of a proxy for informed consent and willingness to participate in the study, (d) complete CGA during hospitalization, and (e) availability of mortality/survival information after 1 year from the hospitalization. Patients with acute-care hospitalization lasting 72 hours or more within the previous 15 days were excluded from the study.
At baseline, the following parameters were collected by a structured interview and clinical evaluation: date of birth, gender, clinical history, current pathologies, and medication history. All patients admitted to our unit received a standard CGA for clinical purposes. Vital status up to December 31, 2007, was assessed by directly contacting the participants or consulting the registry offi ces of the cities where the patients resided at the time of hospital admission. Dates of death were identifi ed from death certifi cates.
Diagnosis of Pneumonia
CAP was diagnosed using standard criteria, including chest radiograph demonstrating pneumonia, probable pneumonia, or the presence of a new infi ltrate and the presence of at least two of the following symptoms and signs compatible with pneumonia: new or increased cough, new or increased sputum production, fever ≥ 38 °C, pleuritic chest pain, new or increased physical fi ndings on chest examination (rales, rhonchi, wheezes, bronchial breathing), malaise, or diffi culty in breathing ( 16 ) .
The CGA
CGA was carried out using assessment instruments widely employed in geriatric practice. Functional status was evaluated by activities of daily living (ADL) index ( 17 ), which defi nes the level of dependence/independence in six daily care activities including bathing, toileting, feeding, dressing, continence, and transferring, and by instrumental activities of daily living (IADL) scale ( 18 ) , which assess independence in eight activities that are more cognitively and physically demanding than ADL, including managing fi nances, taking medications, using telephone, shopping, using transportation, preparing meals, doing housework, and washing.
Cognitive status was assessed by the short portable mental status questionnaire (SPMSQ), a 10-item questionnaire that assesses orientation, memory, attention, calculation, and language ( 19 ) .
Comorbidity was examined using the cumulative illness rating scale (CIRS) ( 20 ) . The CIRS uses a 5-point ordinal scale (score 1 -5) to estimate the severity of pathology in each of 13 systems, including cardiac, vascular, respiratory, eye -ear -nose -throat, gastrointestinal, hepatic, renal, genitourinary, musculoskeletal, skin, nervous system, endocrine -metabolic, and psychiatric behavioral disorders. Based on the ratings, the comorbidity index (CIRS -CI) score, which refl ects the number of concomitant diseases, was derived from the total number of categories in which moderate or severe levels (Grade 3 -5) of disease were identifi ed (range 0 -13).
Nutritional status was explored with the mini nutritional assessment (MNA) ( 21 ) , which includes information on (a) anthropometric measures; (b) lifestyle, medication, and mobility; (c) number of meals, food and fl uid intake, and autonomy of feeding; and (d) self-perception of health and nutrition.
The Exton-Smith Scale (ESS) was used to evaluate the risk of developing pressure sores. This 5-item questionnaire determines physical and mental condition, activity, mobility, and incontinence. For each item, a score from 1 to 4 is assigned ( 22 ) .
Medication use was defi ned according to the Anatomical Therapeutics Chemical Classifi cation code system, and the number of drugs used by patients at admission was recorded. Social aspects included household composition, home service, and institutionalization.
The MPI
We used the MPI developed and validated in two independent cohorts of elderly hospitalized patients as previously reported ( 15 ) . Briefl y, a cluster analysis on CGA data was initially made for evaluating the independence of variables and identifying the most relevant domains of the CGA in predicting mortality outcome. The cluster analysis showed a correlation among ADL, IADL, SPMSQ, ESS, and MNA and evident independency among these variables and comorbidity (CIRS) and medication use, which were correlated with each other and social aspects. Thus, we started to develop an MPI considering only three variables: ADL, medication use, and social aspects. This " three-domain " MPI, although in a Cox regression analysis produced an acceptable separation among the survival curves of the three groups of patients (low, moderate, and severe risk of death), resulted in an unsatisfactory prognostic index for 1-year mortality (OR = 0.634, 95% CI = 0.141 -2.871). Following a step-wise method, other domains of the CGA, one at a time, were progressively included in the model and relative Cox and logistic regression analyses performed. Thus, an " eight-domain " MPI, that is, that included a total of 63 items in eight domains of the CGA, resulted the best index for predicting 1-year mortality. For each domain, a tripartite hierarchy was used, that is 0 = no problems, 0.5 = minor problems, and 1 = major problems, based on conventional cut-off points derived from the literature for the SPMSQ ( 19 ) , MNA ( 21 ), ESS ( 22 ) , and ADL/IADL ( 23 ) or by observing the frequency distribution of the patients at various levels to identify points of separation for comorbidities and number of medications ( 15 ) . The specifi c thresholds used to defi ne the three categories are shown in Table 1 . The sum of the calculated scores from the eight domains was divided by 8 to obtain a fi nal MPI score between 0 and 1. For analytical purposes, absolute values of MPI were not considered, and we expressed MPI as low (MPI value ≤ 0.33), moderate (MPI value between 0.34 and 0.66), and severe risk (MPI > 0.66) according to previous rules-based indices used for exploring multidimensional impairment in elderly participants ( 24 ) . The approximate time required for collecting data for the CGA was 20 minutes (range from 15 to 25 minutes per person); further 3 -5 minutes were needed to include data in the software (www.operapadrepio.it/it/content/view/1091/976/) for calculation of the MPI value. Further details on mathematical methods used to identify the best MPI cut-off points have been previously reported elsewhere ( 15 ) .
The PSI
A validated pneumonia specifi c risk index, the PSI, was also computed. The PSI categorizes patients into fi ve classes (I -V) based on 20 variables, including age, sex, the presence of comorbid illnesses, vital sign abnormalities, and some laboratory and radiographic abnormalities. Elderly patients were classifi ed into fi ve risk classes; Class I (absent by defi nition) was not used in this analysis, Class II (<71 points), Class III (71 -90 points), Class IV (91 -130 points), and Class V (>130 points) ( 6 ) .
Statistical Analysis
Continuous variables were presented as mean and standard deviation and categorical variables as frequencies and percentages. Comparisons between men and women were made using the Mann -Whitney U test. The Kruskal -Wallis and chi-squared tests were used to compare age, gender, educational level, and mortality across the MPI groups.
The relationship between MPI score group and time to death was analyzed by age-and sex-adjusted Cox proportional hazards regression model. Time to death was calculated as the time between admission and time of death or the end of follow-up, whichever come fi rst. The proportionality of the hazard assumption was graphically checked by plotting log ( -log [survival function]).
To test the hypothesis that the prognostic value of the aggregated MPI was superior to the prognostic value of its single components considered individually, a logistic model was carried out on the individual parameters. Age, ADL, IADL, SPMSQ, CIRS, MNA, ESS, and the number of medications were evaluated as continuous variables, whereas social support network and MPI were evaluated as ordinal variables, based on the assumption of equidistance between single-unit values. Sex was analyzed as a dichotomous variable.
We assessed the predictive accuracy of the fi nal model by looking at the two components of accuracy: calibration and discrimination. Calibration of the model was assessed by comparing the predicted mortality with the actual mortality in patients with different grades of MPI. The discrimination of the model was assessed by calculating the area under the receiver operating characteristic (ROC) curves for the MPI and the PSI models. C test was used to compare the areas under the ROC curves of MPI and PSI considered as continuous variables. A p value < .05 was considered for statistical signifi cance. All analyses were performed using the SPSS version 13 software for Windows (SPSS Inc., Chicago, IL).
Results
Overall Study Population
During the enrollment period, 170 patients were consecutively admitted to our Geriatric Unit with a diagnosis of CAP. Ten patients were excluded because they were younger than 65 years; 4 patients were excluded because information on their vital status after 1-year of follow-up was not available and 22 patients were excluded because the CGA was not completed. Thus, the fi nal study population included 134 patients, 89 men (66%) and 45 women (34 %) with a mean age of 78.7 (8.8) and a range from 65 to 100 years old. Table 2 reports the characteristics of patients included in the study, divided according to gender; women were signifi cantly older ( p < .001), had more ADL ( p < .001) and IADL ( p = .03) disabilities, lower educational level ( p = 0.04), lower cognitive function in SPMSQ ( p = 0.04), lower MNA score ( p = 0.008), lower Exton-Smith scores ( p < .001), higher CIRS -CI ( p < .001), and higher CIRS severity Indexes ( p < .001) than men. Only eight patients (5.9% of patients) were institutionalized, 3 men and 5 women (3.3% vs 11.1%, p = ns); their mean MPI value was 0.61 ± 0.23.
The overall mortality rate was 16% after 30 days, 22% after 6 months, and 28% after 12 months of follow-up, without signifi cant differences between men and women.
The MPI
A signifi cantly higher mean MPI value was observed in women than men (0.55 [0.22] vs 0.38 [0.24], p < .001).
Higher MPI values were signifi cantly associated with female sex ( p < .001), older age ( p = .02), and a progressively higher mortality after 30 days (Grade 1 = 3%, Grade 2 = 12%, Grade 3 = 44%; p < .001), 6 months (Grade 1 = 7%, Grade 2 = 21%, Grade 3 = 50%; p < .001), and 1 year (Grade 1 = 10%, Grade 2 = 33%, Grade 3 = 53%; p < .001) of follow-up ( Table 3 ). Figure 1 shows the age-and sex-adjusted survival curves for different grades of MPI: patients with higher MPI demonstrated higher mortality rates ( p < .001). Table 4 reports the corresponding mortality estimated by means of hazard ratio and 95% CIs and the observed mortality in patients with different grades of MPI. A very close agreement was found between the estimated mortality by the three MPI grades and the observed mortality after 30 days, 6 months, and 1 year of follow-up ( Table 4 ) .
Logistic analyses demonstrated that MPI was significantly associated with the mortality rates after 30 days, 6 months, and 1 year of follow-up. Standardized beta coeffi cients showed that both the short-(30 days) and the longterm (6 months and 1 year) prognostic values of MPI were higher compared with those of the individual parameters ( Table 5 ). Note : ADL = activities of daily living; CIRS -CI = cumulative illness rating scale -comorbidity index; CIRS -SI = cumulative illness rating scale -severity index; IADL = instrumental activities of daily living; MNA = mini nutritional assessment; MPI = multidimensional prognostic index; SPMSQ = short-portable mental status questionnaire. The discrimination of the MPI was also good, with an ROC area for mortality of 0.83, 95% CI = 0.75 -0.87 (sensitivity = 81.8%, specifi city = 76.8%, cut-off value > 0.178) at 30 days, of 0.79, 95% CI = 0.71 -0.85 (sensitivity = 76.7%, specifi city = 75.0%, cut-off value > 0.248) at 6 months, and of 0.80, 95% CI = 0.72 -0.86 (sensitivity = 57.9%, specifi city = 90.6%, cut-off value > 0.439) at 1-year of follow-up ( Figure 2 ) .
Comparison Between the MPI and the PSI
As shown in Table 3 , with increasing MPI grades, a decrease in the prevalence of patients of PSI Class III and IV was observed. Conversely, the prevalence of patients of PSI Class V signifi cantly increased with increasing MPI grades.
Mortality rates signifi cantly increased from PSI Class III to PSI Class V either after 30 days (PSI Class III = 8% vs Class IV = 11% vs Class V = 31%, p = .01), 6 months (PSI Class III = 8% vs Class IV = 17% vs Class V = 38%, p = .01), and 1 year of follow-up (PSI Class III = 8% vs Class IV = 22% vs Class V = 49%, p = 0.002). The discrimination of PSI, as evaluated by the ROC area, was 0.71, 95% CI 0.62 -0.78 (sensitivity = 63.6%, specifi city = 77.7%, cut-off value > 121) at 30 days, 0.69, 95% CI 0.61 -0.77 (sensitivity = 60%, specifi city = 78.8%, cut-off value > 144) at 6 months, and 0.75, 95% CI 0.65 -0.82 (sensitivity = 60.5%, specifi city = 85.4%, cut-off value > 141) at 1 year of follow-up. Figure 2 compares ROC areas for models with MPI and PSI: the model with MPI demonstrated a signifi cantly higher prognostic value for mortality than did the model with PSI after 30 days ( p = .019) and after 6 months ( p = .035). After 1 year of follow-up, although the prognostic value of the model with MPI was higher than that for the model with PSI, this difference was not statistically significant ( p = .185).
Discussion
In the present study, we demonstrated that MPI derived from a CGA can be used to stratify hospitalized older patients with CAP into categories that experienced a highly differential short-and long-term mortality. The MPI is derived from parameters obtained from a standardized CGA and was excellent in predicting 1-month to 1-year mortality risk as demonstrated by the very close agreement between the estimated mortality and the observed mortality as well as by the three distinct and uncrossed survival curves corresponding with the three MPI groups.
The overall 30-day mortality rate observed in this study was 16%, which is in agreement with the 30-day mortality rates of 16 and 19% recently reported in two studies carried out in elderly patients hospitalized with CAP in Japan ( 12 ) and the United States ( 25 ), respectively. In this study, the 1-year mortality rate was 28%, confi rming previous observations that there is a substantial long-term mortality after hospitalization for CAP in the elderly patients ( 4 , 26 ) . Predicting the outcome in elderly patients diagnosed with CAP is very important in clinical decision-making process. Previous epidemiological studies ( 4 , 27 ) suggested that old age, male sex, and comorbidities were important predictors of mortality in the elderly population diagnosed with CAP. More recently, two studies have explored the role of the functional assessment in elderly patients with CAP. The fi rst study ( 26 ) reported that functional status, evaluated by means of the ADL Barthel Index in 99 elderly patients hospitalized with CAP, was an independent predictor of shortand long-term mortality. The second study, carried out in 112 elderly patients with CAP ( 25 ) , demonstrated that the patients who were functionally dependent according to a 29-item scale that included ADL, IADL, mobility, communication, and cognitive assessment had signifi cantly higher 1-year mortality than the patients who were functionally independent (50% vs 23%), and the difference remained signifi cant after adjusting for comorbidity and severity of CAP. Indeed, a retrospective study of 193 patients with CAP aged 80 and older ( 12 ) reported that using a performance status assessment according to the European Cooperative Oncology Group performance status scale ( 28 ) signifi cantly improved the predictive value of the PSI for 30-day mortality. Thus, all the forementioned studies suggest that severity indices for CAP should possibly be adjusted in the elderly population, to include an assessment of functional status.
To the best of our knowledge, this is the fi rst description of a prognostic index based on data available from a standard CGA for older patients hospitalized with CAP in an acute care setting. Adjusting for age and sex, the prognostic effect of MPI on mortality was highly signifi cant. Moreover, logistic regression analysis confi rmed that the aggregate MPI was signifi cantly associated with mortality, and its prognostic value was higher than those provided by the individual parameters utilized for constructing the MPI, that is ADL, IADL, SPMSQ, MNA, ESS, CIRS, medications, and social network. In this population, other than MPI, only the ADL and IADL scores, the ESS, and the number of medications were factors independently associated with mortality. These data are in agreement with studies carried out in older patients hospitalized for an acute disorder or relapse of a chronic disease independently from the diagnoses ( 15 ) as well as in elderly patients hospitalized for an acute upper gastrointestinal bleeding ( 29 ) . Overall these fi ndings support the concept that considering multidimensional aggregate information is very important for predicting short-term and long-term mortality in older patients with acute diseases, including pneumonia.
As shown by the areas under the ROC curves, in this population the predictive value of MPI was signifi cantly higher than the predictive value of PSI. This difference was statistically signifi cant at both 30 days and 6 months but not after 1 year Notes : ADL = activities of daily living; CIRS -CI = cumulative illness rating scale -comorbidity index; ESS = Exton-Smith Scale; IADL = instrumental activities of daily living; MNA = mini nutritional assessment; MPI = multidimensional prognostic index; SPMSQ = short-portable mental status questionnaire.
* b Value standardized. of follow-up. This fi nding was unexpected considering that PSI is an index especially designed to predict short-term mortality, and it has not been related to long-term outcomes in previous studies. Indeed, the original PSI was developed to identify patients with CAP with a low risk of death who can be potentially be treated as outpatients ( 6 ) . It should be noted that the present study included older patients (mean age = 78.7 years) who were hospitalized and possibly at high risk for mortality. This fi nding is in agreement with a previous study, which reported that PSI did not perform well in predicting mortality risk in elderly patients aged 80 and older who were admitted to the hospital with CAP ( 12 ) .
In this population, the prognostic value of MPI was good either at 30 days or after longer periods of follow-up. As shown by the ROC curves in Figure 2 , although at 30 days MPI demonstrated satisfactory sensitivity (82%) and specifi city (77%) with an area under the ROC curve of 0.83 (cutoff value >0.178), after 1 year of follow up, the sensitivity decreased to 57.9%, whereas its specifi city increased to 91%, resulting an area under the ROC curve of 0.80 (cut-off value > 0.439). Conversely, in agreement with data from other studies ( 10 , 12 ) , sensitivity of PSI was relatively low at both 30 days (64%) and 1 year (60.5%), and its overall prognostic value for mortality was similar when evaluated at 30 days and 1 year, with areas under the ROC curves (0.71 at 30 days, cutoff > 121 and 0.75 at 1 year, cut-off > 141), lower than the areas yielded from MPI. These fi ndings suggest that in our population, the multidimensional impairment may infl uence 1-and 6-month mortality related to an acute disease more than the severity of pneumonia as evaluated by PSI.
The present study has some limitations. Because the study population comprised selected patients, that is admitted to a geriatric unit, twice as many men than women, it is possible that the sample is unrepresentative of older population hospitalized with CAP. Secondly, because the MPI focused on hospitalized older patients, it is possible that it is not applicable to institutionalized or ambulatory participants. Indeed, in different groups of elderly participants, the MPI would probably include other predictor variables that take into account of the different setting populations. Moreover, because MPI needs a complete CGA assessment in an acute setting, it is possible that it is a complex bedside index to use in all elderly patients. Finally, the study population was relatively small, and the patients were recruited within a single hospital. Larger prospective multicenter studies are needed to confi rm the fi ndings.
In conclusion, we have described an MPI in hospitalized elderly patients with CAP. This index was a sensitive measure of the multidimensional risk assessment that might be useful in identifying elderly patients with CAP at different risk of mortality who probably need a different intensity of clinical interventions.
